Motivation
The design and optimization of nanophotonic devices typically requires an extremely time-consuming brute force search in a large parameter space [1, 2] . For this reason, a method that quickly finds a dielectric structure which can produce a specific resonant electromagnetic field is a very valuable tool. We show that nanophotonic resonators can be designed by first specifying a desired electromagnetic field and its characteristics (such as cavity Q-factor and mode-volume) and then using an inverse method [3, 4] to find a corresponding dielectric structure. Such a design methodology is not only much more time-efficient, but also yields non-intuitive solutions which are optimized for multiple design characteristics.
Numerical Method
The time-harmonic eigenvalue equation ∇ × −1 ∇ × H = (ω/c) 2 H is discretized along the Yee-grid [5] as
where A is the discretized curl operator, Y = diag( −1 ) is the diagonal matrix representing the dielectric structure, x is a vector representing H, and λ = (ω/c) 2 . Although not jointly linear in both variables, eq. (1) is linear and convex in x and in Y separately. Our method is based on taking the following objective function
and continually minimizing over x and then Y in an alternating fashion. This is possible since the expressions for f mode-volume and f
−1
Q-factor are also separately convex in x and Y . The main advantage of this method is the use of convex optimization techniques [6] . Since these are well-established numerically and are completely deterministic, solutions can be obtained much more quickly and reliably than with other strategies such as genetic optimization [7, 8] . For example, in terms of speed, our inverse design method can be made to run in roughly the same amount of time needed for direct methods such as a finite-difference time-domain (FDTD) simulation.
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978-1-55752-890-2/10/$26.00 ©2010 IEEE Results Fig. 1 shows the result of applying our method to a one-dimensional problem. The algorithm was executed for 100 iterations, which took 3 minutes on a generic desktop computer. The target field, which started as a sinusoid in a Gaussian-envelope, closely matches the field obtained from simulating the dielectric structure using FDTD. Additionally, the values of Y were strictly constrained to be between 1 and 10, which resulted in a nearly binary dielectric structure. This is important, since feasible nanophotonic devices are almost universally binary and discrete in values of . The design of circular-grating and nanobeam resonators in two dimensions is shown in Figs. 2 and 3 where nearly binary structures which reproduce the respective target resonant fields are obtained after 40 iterations (15 minutes). In these two figures, the ability to optimize for multiple design objectives, such as minimizing mode-volume and maximizing Q-factor, is also demonstrated. The effect of the mode-volume minimization term is observed in the generation of central bowtie-like structures that serve to concentrate the electric-field energy to a point in both designs [8] . The effect of the Q-factor maximization term is most evident in fig. 3 where a tapering of holes toward the center serves to minimize any field Fourier components inside the light-cone [9, 10] .
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